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Abstract

The Tibetan Plateau (TP) plays a signiﬁcant role in the Earth’s climate system. This letter
examines the nighttime lake surface water temperature (LSWT) of 374 lakes (≥10 km2 each) over the TP
for the past 15 years (2001–2015). An overall warming trend (0.037 °C/year) is found and it is consistent
with the warming air temperature (0.036 °C/year) over the TP, with the vast majority of the lakes (70%, with
28% of which are signiﬁcant) showing warming (0.076 °C/year) and the rest (30%, with 37% of which are
signiﬁcant) showing cooling ( 0.053 °C/year). This astonishing contrast was controlled by different water
sources recharging these lakes: (1) warming LSWT due to increased precipitation (central and northern TP) or
permafrost degradation (northwestern TP) and (2) cooling LSWT due to increased glacier meltwater
(southwestern TP), revealing LSWT a sensitive indicator to climate change that triggered different regional
responses in precipitation, permafrost, and glacier changes over the TP. This study helps improve our
understanding of high-altitude lakes and their changing mechanisms under the warming climate.

Plain Language Summary The Tibetan Plateau (TP), a vast highland area in Asia, plays a signiﬁcant
role in the Earth’s climate system. Here we examine the nighttime lake surface water temperature (LSWT)
of 374 TP lakes (≥10 km2 each) over the past 15 years (2001–2015). An overall warmin trend (0.037 °C/year),
consistent with the warming air temperature (0.036 °C/year) over the TP, is found, with the vast majority
of the lakes (70%) showing fast warming (0.076 °C/year) and the rest (30%) showing fast cooling
( 0.053 °C/year). This astonishing contrast was controlled by different water sources recharging these lakes:
(1) warming LSWT due to increased precipitation (central and northern TP) or permafrost degradation
(northwestern TP) and (2) cooling LSWT due to increased glacier meltwater (southwestern TP). Although
there are clear regional differences in precipitation, permafrost degradation, and glacier melt, these changes
were all due to the warming air temperature over the TP. This study reveals that LSWT is a sensitive
indicator of the climate change that triggered different regional responses in precipitation, permafrost, and
glacier changes over the TP. This study helps improve our understanding of high-altitude lakes and their
changing mechanisms under the warming climate.

1. Introduction
The Tibetan Plateau (TP), located in central Asia, is a vast highland area (average elevation greater than
4,000 m) known as “the Roof of the World” and “Asia’s water towers” (Chen et al., 2017). The TP plays a
signiﬁcant role in the Earth’s climate system and bears a large effect on the biodiversity (Klein et al., 2004),
climate and water cycles (Yang et al., 2014), with its unique and complex interactions of atmospheric, cryospheric, hydrological, geological, and environmental processes (Yao et al., 2012). Rapid warming over the
TP in recent decades had occurred in both air temperature (+0.036 °C/year) and land surface temperature
(+0.03 °C/year), which exceeded the global mean surface temperature rate (+0.011 °C/year) from 1951 to
2012 (IPCC, 2014; Zhang et al., 2015).
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Lakes are an important part of the landscape on the TP. There are more than 1,100 alpine lakes (≥1 km2 each)
over the TP with the total area exceeding 46,527 km2 (Wan et al., 2016). Lakes serve as an excellent indicator
of climate change since they hold a large majority of Earth’s liquid freshwater, which supports the enormous
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Figure 1. Map of lakes (≥10 km each) over the Tibetan Plateau. The boundary of the TP is deﬁned as above the elevation of
2,500 m using NASA Shuttle Radar Topographic Mission 90-m digital elevation models database v4.1. The glacier data
are from the second glacier inventory data set of China (Guo et al., 2014). The background image is from ESRI online
Basemaps. Map was created using ArcGIS 10.2 (http://www.esri.com/software/arcgis/arcgis-for-desktop).

terrestrial and aquatic ecosystems (Fisher et al., 2009; Gleick, 1993). The lake surface water temperature
(LSWT) is an important proxy of climate variability (Austin & Colman, 2007; Schneider & Hook, 2010).
Recent studies on global or regional large lakes using satellite-derived and in situ measurements showed
an overall warming trend, clearly a response to the warming climate (O’Reilly et al., 2015; Rifﬂer et al.,
2015; Torbick et al., 2016; Woolway et al., 2017). Previous studies have examined the change of LSWT over
several large lakes of the TP in recent decades, suggesting various degrees of warming trend (K. Song
et al., 2016; Zhang et al., 2014). To better understand and predict the trends of lake warming over the
broader TP, a more comprehensive and detailed consensus of LSWT trends should be reached. It is an
accepted fact that, during the last decades, lakes over the TP have been experiencing extensive expansion
in area (Wan et al., 2014; Zhang et al., 2017), and dramatic rising in water level (C. Song et al., 2015; Zhang
et al., 2011). Connections between LSWT and lake water level have been documented in some speciﬁc
regions such as the North American Great Lakes (Hanrahan et al., 2010). Similarly, a long-term study of the
interactions between LSWT and the lake volume (area and water level) change is needed for the highaltitude TP region, or even the potential factors that contribute to such changes, should be further examined.
On the basis of the newly developed and publicly available data set of the LSWT for 374 all major lakes
(≥10 km2 each) over the TP (Figure 1, download link: https://doi.org/10.6084/m9.ﬁgshare.4975835; Wan et al.,
2017), this letter (1) gives the ﬁrst comprehensive evaluation and detailed analysis on the nighttime LSWT
change (including both annual and seasonal patterns) for this region over the past 15 years (2001–2015);
(2) shows, for the ﬁrst time, how the changes of LSWT and lake volume (using the proposed index—adjusted
lake area, ALA, to represent) interact with each other over a 15-year-long data record; and (3) for the ﬁrst time,
reveals the regional differences in controlling LSWT changes due to different climatic factors or combination
of climate factors: air temperature, precipitation, evapotranspiration (ET), permafrost, and glacier meltwater.
This study helps improve our understanding of the change mechanisms of high-altitude lakes under the
warming climate.

2. Data and Methods
2.1. Data
A newly developed data set of the LSWT over the TP derived from MODIS (Moderate Resolution Imaging
Spectroradiometer) Land Surface Temperature (LST) products 2001–2015 was used in this letter (Wan
et al., 2017). The data set included LSWT derived from both nighttime and daytime MOD11A2 8-day average
products with 1-km nominal spatial resolution. Some previous studies have shown that nighttime LSWT
provide signiﬁcantly better accuracy than daytime data because of the absence of differential solar heating
(Hook et al., 2003; Xie et al., 2010; Zhang et al., 2014). Also because of the diurnal cycle of lake temperature, a
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consistent time of each day for temperature collection is necessary in order to analyze the responses of lake
temperature to climate change (Woolway et al., 2015, 2016). In this letter, the nighttime data for all the 374
lakes (≥10 km2 each) involved in the data set were then used for analysis. Note that lake-wide average temperature of each lake was used to minimize the possible intralake heterogeneity of surface water temperature
(Woolway & Merchant, 2018).
The lake area data for all the 374 lakes of multiple years (i.e., years 2002, 2005, 2009, and 2014) were from the
previously published two data sets (Wan et al., 2016, 2017). The digital elevation models (DEM) data were
from the NASA Shuttle Radar Topographic Mission (SRTM) 90 m DEM Database v4.1, and it was used to produce the 10-m interval contours for further usage. Additional data such as precipitation, ET, permafrost, and
glacier were also used in this letter. The glacier data were from the Second Glacier Inventory Dataset of China
(Guo et al., 2014), compiled based on Landsat TM/ETM+ imageries acquired around 2007. The precipitation
data were from the Ensemble Multi-Satellite Precipitation Data Sets using the Dynamic Bayesian Model
Averaging scheme (EMSPD-DBMA; Ma et al., 2017). The ET data were calculated from the classical Penman
equation (Penman, 1948). The permafrost data were downloaded from the Environmental and Ecological
Science Data Center for West China (http://westdc.westgis.ac.cn/), including the permafrost classiﬁcation
data and the surface soil freeze/thaw states data set of China using the dual-indies algorithm. The glacier
and permafrost coverage in each lake’s drainage basin for some overlapped lakes were from Li et al., 2014
and C. Song et al., 2014.
2.2. Rate of Change and Trend Calculations
The average change rate and the standard error of the trend estimate for LSWT were calculated following the
approach used in Zhang et al., 2014. In this letter, change rates for both annual and seasonal LSWT were calculated. For each lake, the annual/seasonal mean temperature was calculated from 2001 to 2015 ﬁrst, and a
linear regression across the annual/seasonal mean was used to determine the LSWT trends. The 5% to 95%
conﬁdence interval for the LSWT trend estimates were also quoted: for example, a trend could be quoted as
xx (yy1; yy2) °C/year. This indicates that the best estimate slope is xx °C/year, with 90% statistical conﬁdence
that the true value lies between yy1 and yy2 °C/year (Woolway & Merchant, 2018).
2.3. An Indicator of the Lake Volume
Lake surface area and depth are morphology features that can mediate LSWT (Huang et al., 2017). The
surrounding terrain contributes substantially to the complexity of lake area expansion. Therefore, neither
lake surface area nor lake water depth alone could individually represent the change of lake volume.
DEM data could describe the surrounding terrain of a lake. In this letter, using the 10-m interval contour
line extracted from the SRTM DEM data, a variable called ALA was proposed. The ALA for each lake was
calculated by multiplying the lake area and an adjusted coefﬁcient (AC), which is related to the surrounding
terrain controlling the complexity of the lake expansion. The concept and method for calculating the AC
was described in the supporting information Text S1. In this letter, the ALA was used as an indicator to
represent the lake volume. Since the ALA used DEM data to represent the change of water level, it was
possible to derive lake volume changes for all the target lakes. The lake volume changes in this study were
compared with a published data set: Theia (available at http://hydroweb.theia-land.fr/) for the 15
overlapped lakes during the same or similar time period 2001–2015, showing a general consistency with
R = 0.68 (supporting information Figure S3). The relatively low correlation coefﬁcient was possibly due to
the lack of lake volume data for some years of several lakes in the Theia data set during the comparison
time period, for example, Ake Sayi Lake, ngoring-co, pung-co, Taro Co, Urru Co, and xuelian-hu, as shown
in the supporting information Table S1.

3. Results and Discussions
3.1. Overall Annual and Seasonal Variations
Results show an overall warming on the nighttime LSWT over the TP, with a mean trend of 0.037 ( 0.05; 0.12)
°C/year, across 374 large lakes between 2001 and 2015. The vast majority of the lakes (70%) showed a warming trend [0.076 ( 0.01; 0.16) °C/year] and the rest a cooling trend [ 0.053 ( 0.14; 0.04) °C/year; Figure 2].
This overall warming rate 0.037 ( 0.05; 0.12) °C/year is consistent with the warming air temperature in the
TP (0.036 ( 0.02; 0.09) °C/year) over the similar period (Zhang et al., 2014). Note that for estimating the
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Figure 2. Annual change rate of LSWT over the TP. Red solid circle represents warming (positive) rate; blue solid circle
represents cooling (negative) rate. The value on the lower left is the mean rate of change (°C/year) with the quoted 5%
to 95% conﬁdence interval for all, positive trend, negative trend lakes, respectively. Lakes marked by (×) are those
that achieved a signiﬁcant level of 0.05. Map was created using ArcGIS 10.2 (http://www.esri.com/software/arcgis/arcgisfor-desktop).

Figure 3. Seasonal change rate of LSWT over the TP. (a) March–May (spring); (b) June–August (summer); (c) September–
November (fall); (d) December–February (winter); (e) lakes with positive (warming) and negative (cooling) trends for
all seasons. Red solid circle represents warming rate; blue solid circle represents cooling rate. The value on the lower left
of each panel is the mean rate of change (°C/year) with the quoted 5% to 95% conﬁdence interval for all, positive trend,
and negative trend lakes, respectively. Map was created using ArcGIS 10.2 (http://www.esri.com/software/arcgis/arcgisfor-desktop).
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Figure 4. Change rates of temperature (a1, a2), precipitation (b1, b2), and ET (c1, c2) over the period of 2001–2015, and
permafrost and glacier coverage (d), overlaid by the 45 lakes with signiﬁcant trends (p < 0.05) in both lake surface water
temperature (LSWT) and adjusted lake area. Map was created using ArcGIS 10.2 (http://www.esri.com/software/arcgis/
arcgis-for-desktop). TP = The Tibetan Plateau.
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linear trends from nighttime LSWT data, 28%, 35%, and 13% of all, warming, and cooling trend lakes achieved
a signiﬁcant level of 0.05, respectively (see Figure S1 for more details). Figures 3a–3d show the overall seasonal statistics (spring, summer, autumn, and winter) for the changes in both percentage and nighttime LSWT
rate of lakes. In general, the nighttime LSWT over the four seasons exhibited different degrees of warming,
with mean trends (°C/year) of 0.019 ( 0.14; 0.18), 0.023 ± 0.052 ( 0.08; 0.12), 0.072 ( 0.02; 0.17), and 0.037
( 0.09; 0.16) from spring, summer, autumn, to winter, respectively. Note that the percentage (82%) and rate
of lakes with warming temperature trends in autumn (September–November) were much higher than those
in the other three seasons. The highest rate in autumn is consistent with the air temperature (i.e., the highest
rate (0.042 °C/year) in autumn), derived by using the 0.5° × 0.5° gridded data sets (2001–2015) produced from
the meteorological stations of the China Meteorological Administration.
Although with overall warming trends, similar as reported by Zhang et al., 2014, there were lakes showing
cooling trends. For example, annually, 30% of lakes showed a mean cooling rate [ 0.053 ( 0.14; 0.04)
°C/year]; seasonally, only 18% of lakes showed cooling [ 0.064( 0.19; 0.06) °C/year] in autumn (13%
achieved a signiﬁcant level of 0.05), while 41% of lakes showed cooling in both spring and summer (12%
and 10% achieved a signiﬁcant level of 0.05, respectively). The highest cooling rate [ 0.091 ( 0.25; 0.07)
°C/year] appeared in spring, followed by 0.071 ( 0.20; 0.06) °C/year in winter. The reason for such high cooling rates in winter and spring is not clear, deserving further investigation. However, since lakes were/are
mostly frozen in winter and spring, the lake temperature from MODIS should be mostly the temperature of
lake ice and snow, controlled by cold air temperature and wind (speed and direction). It is found that not
all lakes showed consistent warming or cooling trends across all seasons. As shown in Figure 3e, only 117
(31%) and 26 (7%) lakes exhibited consistent warming and cooling trends across all seasons, respectively.
A general explanation was precipitation as the dominant water source for the warming lakes and glacier
meltwater as the dominant water source for the cooling lakes, since, in general, we would believe that the
water from glacier melt is much colder than water from rainfall. As detailed in the sections below, this study
conﬁrms the overall correctness of this explanation while, for the ﬁrst time, reveals regional differences in
terms of contributing factors (precipitation, glacier melt, permafrost degradation, and ET).
3.2. Signiﬁcant Changes of LSWT and Lake Volume
The change of LSWT is highly related to the characteristics of climatic factors (latitude, longitude, distance to
the ocean, and surface elevation) and the lake morphometry (depth, surface area, and volume; Edmundson &
Mazumder, 2002; Schneider & Hook, 2010; Snucins & John, 2000). Accordingly, this letter gives a quantitative
evaluation of LSWT interacting with elevation, distribution, and the volume of the lake. As shown in Figure S2
of the supporting information, no obvious regularity is found between lake elevation and the annual or seasonal change rates of LSWT. Zhang et al. (2014) illustrated a turning point at 3,800 m based on LSWT data
from 52 large lakes, which is not found in this study involving more lake data.
A variable called ALA is proposed to be an indicator to represent lake volume (see section 2.3 and Text S1). In
this letter, four lake area data from Wan et al., 2016, 2017, that is, 2002, 2005, 2009, and 2014, are used for ALA
calculations. Lakes with their change rates of nighttime LSWT and the ALA both achieving a signiﬁcant level
of 0.05 (as listed in Table S2 of the supporting information) are used for further study. Figures 4a1, 4b1, 4c1,
and 4d show the distribution of these 45 lakes with signiﬁcant change trends overlaid by change rates of air
temperature, precipitation, ET, and the permafrost coverage, respectively. Figures 4a2, 4b2, and 4c2 give the
corresponding scatterplots showing the LSWT trends versus the change rates of air temperature, precipitation, and ET (Figures 4a1, 4b1, and 4c1, with different colors representing the different regions (Zones #1,
#2, and #3). Note that all these lakes are located in the north of 31°N, with 43 of them in the inner TP basin.
The majority of these lakes (41 out of 45, i.e., 91%) showed high warming rates of LSWT (0.05~0.35 °C/year),
which is higher than the change rates of air temperature (around 0.05 °C/year) over the same period
(Figure 4a2). In the meantime, almost all these lakes (except one) showed increase rates of the ALA. For
the regions where these lakes are located in, both air temperature and precipitation showed increasing trend
(Figure 4a1, 4a2, 4b1, and 4b2; consistent with Li et al., 2014), accompanied by continuous or isolated
permafrost coverage (Figure 4d). The ET showed diverse changing patterns over different regions
(Figures 4c1 and 4c2). Regionally, in the northwest TP (Zone #1), the change rates of precipitation and ET were
similar, and there were little supplies from glacier melt, implying that permafrost degradation could have
been the main contributor for the increasing lake volume in these lakes. This assumption, similar as
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Figure 5. The LSWT and ALA trends of lakes with change rates of permafrost and precipitation-ET over the period of
2001–2015. (a) LSWT (annual mean and summer mean) trends and ALA trends (increasing or decreasing) being
represented by the correlation coefﬁcient (R) between LSWT (ALA) and time; (b) proportions of different combinations
(PP, NP, PN, and NN) of positive/negative LSWT trends and ALA trends; (c) distributions of PP, NP, PN, and NN lakes overlaid
by the R between the total thawing days of a year and time; (d) distributions of PP, NP, PN, and NN lakes overlaid by
differences between the change rates of precipitation and ET. P = positive LSWT (or ALA) trend; N = negative LSWT (or ALA)
trend. Map was created using ArcGIS 10.2 (http://www.esri.com/software/arcgis/arcgis-for-desktop). TP: The Tibetan
Plateau; LSWT: lake surface water temperature; ALA: adjusted lake area; ET = evapotranspiration.

reported by Jiang et al., 2017 and Li et al., 2014, is veriﬁed further in Figure 5c, showing the change trends of
permafrost over 2001–2015. In the central and northeast TP (Zones #2 and #3), the increasing ALA of these
lakes could attribute to the increasing precipitation accompanied by decreasing ET (Figure 4b2 and 4c2;
consistent as reported by Zhang et al., 2017. Permafrost degradation could have made some contributions
to the increasing ALA in Zone #3, while in Zone #2, permafrost could even bring some opposite effects
due to the decreasing rate shown in Figure 5c. To summarize, increasing air temperature was the major
contributor to the increasing LSWT, while the increasing ALA was the combined result of precipitation, ET,
glacier, and permafrost with regional differences in a complicated way, which all changed due to the
warming air temperature.
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3.3. The LSWT and ALA Trends Over the Whole TP
To obtain robust LSWT trends, both the annual mean LSWT and summer mean LSWT are used for further analyses. The average of daily values from July to August is used as summer mean LSWT, since for each year, the
annual maximum of the LSWT occurs in approximately July–August. The LSWT and ALA trends are shown in
Figure 5a and Table S3 in the supporting information. The increase or decrease trend of LSWT (ALA) over time
here is represented by the correlation coefﬁcient, R, with R > 0 indicating an increasing trend and R < 0 a
decreasing trend. Note that the majority of lakes (Figure 5b, PP = 44%, representing positive LSWT trend
and positive ALA trend) showed positive trends for both annual mean and summer mean LSWT, with synchronous positive trends of ALA, followed by NP (negative LSWT trend and positive ALA trend), PN, and
NN as 12%, 8%, and 8%, respectively. The remaining lakes (29%) showed contrast trends in annual mean
and summer mean and are not included in Figures 5c and 5d.
As shown in Figure 5c, for the PP lakes (positive trends for both LSWT and ALA), the diverse driving factors for
different regions were similar as those of 45 signiﬁcant lakes described in Figure 4. The NP Lakes were located
in regions with glacier coverage (Table S3 in the supporting information shows the glacier coverage in lake’s
drainage basins for some lakes), particularly in the southwestern TP. The negative (i.e., cooling) LSWT trends
could attribute to the inﬂow from increased glacier meltwater (Ye et al., 2017; Zhang et al., 2014) due to rising
air temperature (Figure 4a). As shown in Figure 5d, for the PN and NN lakes, in terms of positive or negative
LSWT trends, the distribution patterns and the corresponding factors were similar as those of the PP or NP
lakes, respectively. Lakes with negative ALA trends in the northwestern and southeastern TP were mainly
attributed to the increased ET due to rising air temperature. In the southwestern TP, besides the majority
of NP lakes discussed above, there are also some PN or NN lakes. For these lakes, the negative ALA could
attribute to the combined massive decrease of precipitation, ET, glacier/snow meltwater, groundwater
exchange, and permafrost thawing. As for those PN or NN lakes in the northeastern TP, in particular, in the
headwater regions of Yellow River and Yangtze River with a vast majority of salt lakes, the negative ALA trend
in recent decades was due to the worsened ecological environment characterized by decreasing runoff and
grassland degeneration (Wan et al., 2014). It should be pointed out that the above analyzed trends and possible inﬂuencing factors for different regions, to some extent, could represent the general mechanisms for
the changes. However, it might not be applicative for every individual lake in that region. For instance, as
shown in Table S3, Gopug Co (31.86 N, 83.18 E) and Lagkor Co (32.03 N, 84.13 E) located in the southwestern
TP, although having 43.88 km2 and 33.19 km2 glacier coverages in their lake basins, show positive LSWT/ALA
trends. The positive LSWT trends could be due to the large drainage basins (Gopug Co-2,348.3 km2 and
Lagkor Co-4,525 km2) where the water contribution from rainfall-induced runoff could be much larger than
the water from glacier melt.
This paper found that the majority of the lakes have nonsigniﬁcant LSWT trends. The major reason for this
fact is that the warming climate can (1) bring more precipitation and degrade the permafrost to the region
that tends to increase the water temperature of lakes and (2) melt more glaciers that tend to decrease the
water temperature of lakes. This is the fundamental reason that although the overall LSWT trend for all
lakes is not statistically signiﬁcant, portion of the lakes with precipitation and/or permafrost degradation
as the major water source showed signiﬁcant increase trend of LSWT; another portion of them with glacier
melt water as the major water source showed signiﬁcant decrease trend of LSWT; the remaining portion of
them with mixed (also known as, no dominant) water source showed no signiﬁcant trend. Therefore, it is
not surprising that the combined cumulative trend for all the lake together result in increase but not with
statistical signiﬁcance.

4. Conclusions
In summary, the LSWT from the past 15 years showed an overall warming trend for the 374 inland lakes over
the TP [0.037 ( 0.05; 0.12) °C/year], slightly higher than the global mean (0.034 °C/year) of the 235 lakes
worldwide (O’Reilly et al., 2015), and was consistent with the increase in air temperature [0.036 ( 0.02;
0.09) °C/year] over the TP (Zhang et al., 2014). The warming LSWT showed obvious seasonal patterns, with
the highest warming [0.072 ( 0.02; 0.17) °C/year] in Autumn (September–November, 82% of lakes showed
warming trends) and the lowest [0.019 ( 0.14; 0.18) °C/year] in spring (March–May). This is consistent with
reports from a few regions (e.g., lakes in Wisconsin, USA as reported in Winslow et al., 2017), while mostly
inconsistent with other regions from around the world. For example, for Central European lakes, spring
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(March to May) and autumn (September to November) were found to be the most and least rapidly warming
season, respectively (Woolway et al., 2017); in Lake Superior of North America, LSWTs were found warming
most rapidly in summer (Austin & Colman, 2008). We ﬁnd only 117 (31%) and 26 (7%) lakes respectively
showing consistent warming and cooling trends in all seasons. The warming of air temperature plays a very
important role in both LSWT and ALA trends, which is consistent with previous reports (Winslow et al., 2017;
Zhang et al., 2014). The relationship between LSWT and ALA trends showed distinct regional characteristics,
which, to some extent, were dominated by local factors, such as precipitation, ET, permafrost, and glacier, and
their combined results. Specially, (a) in the northwestern TP, increasing permafrost thawing recharge due to
warming climate was the most critical factor dominating the positive trends of LSWT and ALA; (b) in the
southwestern, central, and northeastern TP, the positive ALA trends could mostly attribute to the increasing
precipitation accompanied by decreasing ET, under different levels of warming or cooling LSWT; (c) the
increasing inﬂow from glacier meltwater due to rising air temperature resulted in the negative LSWT trends
in the southwestern TP and a few other locations. Evidently, the LSWT over this core region of the high
mountain areas of Asia is a sensitive indicator of the warming climate.
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